Modern research in biology and biochemistry widely employs mass spectrometry with an ionization technique based on electrospraying liquid samples at atmospheric pressure followed by ion extraction to high vacuum via a gasdynamic interface [1] . There fore, effort devoted to increasing the sensitivity, preci sion, and reproducibility of this method is very impor tant. The Nobel Prize in Chemistry 2003 was awarded to the American scientist John B. Fenn for developing the electrospray ionization technique for mass spec trometry. Deeper insight into the character of gas flow at intermediate pressures in the interface chamber provides a basis for the optimum control of ion flows in this region. According to data of the American Society for Mass Spectrometry [2], the number of sci entific publications devoted to processes in gasdy namic interfaces exceeded 4000 in the past five years and more than 120 patents were given.
This Letter presents the results of precise numerical calculations that reveal a sharp change in the character of jet flows depending on the interface length and pressure in this chamber. These parameters, especially the latter, belong to the set of instrument design and adjustment parameters. The knowledge of how pres sure variations affect the character of ion flows is important for developing and implementing a justified approach to the tuning algorithm and operation of an electrospray ionization mass spectrometer. Figure 1 shows a schematic diagram of the model gasdynamic interface representing a classical system of the Kantorowicz-Gray type [3] . A real interface typi cally also accommodates ion focusing and transport ing electrodes, but in this analysis their presence is ignored. Electrode 4 that drives ions to skimmer 2 is only considered as a solid obstacle for the gas flow.
As a rule, a gasdynamic interface operates in a pres sure interval of 200-1000 Pa, while ions are intro duced via nozzle 1 together with a gas flow from a region with atmospheric pressure P 0 . The nozzle can be either very short (diaphragm) or long (capillary), but this circumstance is insignificant in the framework of the present investigation. The nozzle diameter (cal iber) D is a natural measure for the chamber length L and all other dimensions of the system. The chamber Abstract-Samples-in particular, of bioorganic matter-are usually introduced into a mass spectrometer from atmosphere to high vacuum via a gasdynamic interface that represents a chamber with intermediate pressure or a system of chambers with gradually decreasing pressure. Transformation of the character of an expanding jet flow in a single chamber interface has been studied as dependent on the chamber length and pressure. Knowledge of this character allows the system parameters to be most effectively used so as to ensure high ion transmission and decrease mass discrimination. DOI: 10.1134/S1063785012050203 size in the transverse direction is almost always much greater than its length. The gas that enters the interface via nozzle 1 is pumped out via hole 3 by a backing pump and partly passes to the next (typically high vacuum) chamber via hole (skimmer) 2. Since the skimmer diameter is usually much smaller than that of pumping hole 3, the gas flux via the skimmer amounts to only a small frac tion of the input flux. The term "skimmer" has a defi nite historical origin and implies cutting of a jet by a sharp edge of an obstacle, although this does not always take place in modern instruments.
Character of Jet Flows in Mass Spectrometric
Due to a large difference of pressures between the atmosphere and interface, the gas entering via nozzle 1 into the interface chamber forms a characteristic sys tem of shock waves, compression shocks, and both super and subsonic jet streams [4] . Calculations have been performed in an axisymmetric approximation using the ANSYS FLUENT program package. Details of the computation and verification procedures are described elsewhere [5, 6] . Figure 2 shows three different possible patterns of gas flow in the gasdynamic interface. Figure 2a corre sponds to flows in a conditionally "short" chamber with L = 7 mm (i.e., 14 nozzle calibers). Let us analyze changes that take place in the struc ture of gas flows upon separate variation of one of the key parameters: chamber length and background pres sure. First, consider the effect of the chamber length. Figures 2a and 2b compare the gas flow in cases of conditionally "short" and "very long" chambers (these terms will be defined below). In the short cham ber, the main effect on the gas flow structure is pro duced by a rear wall that consists of a skimmer and ion focusing electrode, acting as a solid obstacle to the flowing gas. Immediately behind the nozzle, a Mach barrel is formed with a length (h) approximately given by the following classical formula:
(in terms of Fig. 1 ), which corresponds to ~3 mm in the case under consideration. Past the compression shock, the jet is accelerated and rotated by 90°, after which the main flow passes along the ion focusing electrode and forms vortices of various scales. The flow has an essentially unsteady character, whereby the gas accumulates in front of the obstacle (skimmer) and then the pressure is reset. The nature of observed oscillations in the pressure, temperature, and position of the compression shock, as well as the frequency and amplitude of these oscillations, have been recently determined and described in [6, 7] .
In the case of a long chamber (Figs. 2b and 2c ), the obstacle is far from the nozzle and does not influence the main flow structure. The gas efflux from the atmo sphere via the nozzle into the interface is accompanied by the formation of a classical Mach structure, subse quent acceleration of the jet, and its deceleration as a result of the diffusion smearing and gas leak to the periphery. The gas flow has a laminar character, which is especially pronounced at a pressure of 200 Pa. The longer the chamber, the closer the flow to a free regime and the higher the self similar character of this flow. A self similar flow is characterized by a decrease in the jet flow velocity according to a power law that depends on the flow mode: x -1 for turbulent jets and x -1/3 for laminar jets, where x is the distance from the "source" to the current point downstream.
It can probably be expected that, in chambers of intermediate lengths, a regime is possible in which there are already no oscillations caused by flow reflec tion from the rear wall, while the chamber is still not long enough to ensure the development of a self simi lar flow.
In the case of long chambers, the flow is laminar over most of its length, but turbulence still arises about 40 calibers downstream from the nozzle out put. This turbulence takes place over a region of about 
